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(54) Method for bonding collector plates to end faces of electrode plates 



(57) Positive electrode plates (1a) and negative 
electrode plates (2a) are arranged alternately with inter- 
vening separators (3), and their end faces are respec- 
tively butted on collector plates (4). A solder material (5) 
made from nickel alloy is disposed on the surfaces of 
the collector plates, which are made from nickel. An 
electron beam (6) is irradiated onto the collector plates 
for causing the solder material to melt, thereby bonding 
the end faces of the positive and negative electrode 
plates with the collector plates. 



Fig. 7 
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Description 

[0001] The present invention relates to a method for 
manufacturing a battery, and more particularly, to a 
method for connecting the end faces of electrode plates 
with a collector plate. 

[0002] For a rechargeable battery structure, a pris- 
matic structure comprising layered positive electrode 
plates, negative electrode plates and separators has 
been used principally with aqueous solution-type re- 
chargeable batteries. Such structure serves to increase 
the electrode surface area as much as possible within 
a restricted space, and in addition to raising the reactive 
efficiency of the electrode plates, thereby enabling a 
large current to be drawn. It therefore significantly af- 
fects battery characteristics. 

[0003] In relation to rechargeable batteries having a 
structure comprising a layered plurality of electrode 
plates, various proposals have been made regarding 
mechanisms for extracting current from the respective 
electrode plates. One such proposal relates to a struc- 
ture wherein lead-shaped conductors are attached to or 
derived from each individual electrode plate, gathered 
together, and then bonded to an electrode pole which 
extracts current to the exterior of the battery case. 
[0004] However, in such structure as described 
above, the lead-shaped conductor sections occupy a 
large volume, and hence present a significant restriction 
when seeking to reduce the overall size of the battery. 
[0005] Therefore, as illustrated in Fig. 8. a method has 
been devised wherein end faces of respective electrode 
plates la, 2a that are layered upon one another are weld- 
ed directly to a collector plate 4. According to this meth- 
od, electrode groups 1 and 2 constituted respectively by 
pluralities of positive electrodes la and negative elec- 
trodes 2a are respectively butted against and bonded to 
the surface of a collector plate 4, in a perpendicular at- 
titude to same, a T-shaped joint being formed between 
each collector plate 4 and electrode group 1 or 2. 
[0006] For this bonding operation, it is possible to ap- 
ply an arc welding method as disclosed in Japanese 
Patent Publication No. 61-8539, an electron beam weld- 
ing method as disclosed in Japanese Patent No. 
2616197, or the like. However, if a welding method of 
this kind is used for bonding groups of electrode plates 
with collector plates in a battery as illustrated in Fig. 8, 
since the distance between the respective electrode 
plates la, 2a is set to an extremely small distance in or- 
der to reduce the size of the battery, heat will be trans- 
mitted to the separators 3 provided between the respec- 
tive electrode plates la, 2a, causing same to melt and 
readily provoking shorting between the positive elec- 
trode plates la and negative electrode plates 2a, and 
hence it is difficult to join the aforementioned elements 
in a suitable manner. 

[0007] The present invention was devised in view of 
the foregoing problems associated with the prior art, an 
object thereof being to provide a method for manufac- 



turing a battery adopting a bonding joint structure be- 
tween electrode plate groups and collector plates which 
enables the volumetric efficiency of the battery to be in- 
creased, wherein bonding is performed in a suitable and 
5 reliable manner. 

[0008] The method for bonding collector plates to end 
faces of electrode plates according to the present inven- 
tion comprises the steps of: 



10 



15 



20 



providing a solder material made from nickel alloy 
on a surface of a collector plate; and 
arranging a plurality of electrode plates perpendic- 
ular to the collector plate so that end faces of the 
electrode plates abut with the solder material on the 
collector plate; 

irradiating an electron beam onto the collector plate 
from a direction opposite from the electrode plates 
for causing the solder material to melt, thereby 
bonding the end faces of the electrode plates with 
the collector plate. 



[0009] By interposing a solder material having a lower 
melting point than the materials composing the elec- 
trode groups and collector plates in the joint between 

2s same, it is possible to join electrode plates to a collector 
plate by causing the solder material to melt by irradiating 
an electron beam onto the collector plate. The amount 
of heat applied to the joint can be reduced compared to 
a method where the respective elements are bonded di- 

30 rectly by welding, and hence the electrode plates and 
collector plate can be bonded in a reliable manner, with- 
out imparting any thermal effects on regions other than 
the joint, such as the separators. 
[0010] Desirably, the nickel alloy used for the afore- 

35 mentioned solder material is a binary alloy of nickel and 
phosphorous. 

[0011] If the electron beam is irradiated onto a plural- 
ity of positions on the collector plate, then the collector 
plate and electrode plates can be bonded together more 

40 reliably, and it is also possible to maintain high collector 
efficiency. Furthermore, by ensuring that adjacent irra- 
diation positions are not irradiated consecutively, in a 
portion of or all of the irradiation positions, a region irra- 
diated by the electron beam will have cooled sufficiently 

*s before the electron beam is irradiated onto an irradiation 
position adjacent thereto, and hence thermal effects can 
be reduced in a more reliable manner. 
[0012] The amount of irradiation of the electron beam 
is changed with respect to the lateral direction of the col- 

50 lector plate. Since dispersion of heat is particularly high 
at the ends of the collector plate, a uniform overall join 
state is obtained by increasing the amount of irradiation 
in the end regions. Specifically, for instance, the electron 
beam should be irradiated in a consecutive fashion in 

55 the lateral direction of the collector plate, whereupon the 
electron beam is irradiated further onto either end por- 
tion thereof. 

[0013] If the electron beam is first irradiated onto a 
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beam collector and the output thereof is stabilized, be- 
fore it is irradiated onto the joint between an electrode 
plate and a collector plate, then a highly reliable bonding 
can be accomplished. 

[0014] Furthermore, by irradiating the electron beam 
onto the same position a plurality of times, it is possible 
to ensure sufficient input heat, even when using a com- 
pact and inexpensive electron beam irradiation device 
having a small per-operation irradiation energy. 
[0015] Preferred embodiments of the present inven- 
tion will be hereinafter described with reference to the 
accompanying drawings, in which: 

Fig. 1 is an oblique view showing a state of bonding 
electrode plates and a collector plate in one embod- 
iment of the present invention; 
Fig. 2 is a partial enlarged sectional view along line 
ll-ll in Fig. 1; 

Fig. 3A - Fig. 3C are oblique views illustrating steps 
for bonding electrode plates and collector plates ac- 
cording to the aforementioned embodiment; 
Fig. 4 is an illustrative view of a method for irradiat- 
ing an electron beam according to the aforemen- 
tioned embodiment; 

Fig. 5 is an illustrative view of the distribution of 
bonding joints and a bonding sequence according 
to the aforementioned embodiment; 
Fig. 6 is an illustrative view showing the state of a 
bonded joint according to the aforementioned em- 
bodiment; 

Fig. 7 is a graph depicting the relationship between 
the bonding position and the output of the electron 
beam according to the aforementioned embodi- 
ment; and 

Fig. 8 is an oblique view illustrating a state of bond- 
ing an electrode group and a collector plate accord- 
ing to a prior art example. 

[0016] Below, one embodiment of a method for bond- 
ing collector plates to the end faces of electrode plates 
according to the present invention is described with ref- 
erence to Fig. 1 to Fig. 7. 

[0017] In Fig. 1, electrode plate groups 1 and 2 con- 
stituted by a plurality of positive electrode plates la and 
negative electrode plates 2a are respectively butted 
against and fixed to the surface of a collector plate 4, in 
a perpendicular attitude with respect to same. A solder 
material 5 made from a raw material having a lower melt- 
ing point than the electrodes plates and collector plates 
is interposed between the end faces of the pluralities of 
positive electrode plates la and negative electrode 
plates 2a and the respective collector plates 4. 
[0018] The respective collector plates 4 and electrode 
plate groups 1 , 2 are bonded together by heating caused 
by irradiating an electron beam 6 onto the collector plate 
4 from the opposite side to the electrode plate group 1 . 
2. The irradiation of the electron beam 6 is performed at 
a plurality of locations, whilst causing the electron beam 



iin^j^i 



to oscillate in a direHfon perpendicular to the longitudi- 
nal direction of the electrode plates, and welding beads 
7 are formed on the surface of the collector plate 4 at 
the locations where the electron beam 6 was irradiated. 
5 in the example illustrated in Fig. 1 , the electron beam 6 
is irradiated in a line shape, but it is also possible to per- 
form spot heating at each butting position between the 
collector plate and electrode plate. 
[0019] Fig. 2 shows the cross-sectional structure of a 
10 bonded joint. The interior of the collector 4 melts partially 
due to irradiation of the electron beam 6, forming a mol- 
ten bead 7, and the solder material 5 made from low- 
melting-point material is caused to melt due to the heat 
of the molten bead, thereby forming corner reinforce- 
15 ments. In this case, not only is the surface area of the 
bonded joint markedly larger than a simple T-shaped 
joint, but furthermore, the joint is formed using a smaller 
amount of heat input than a direct bonding method 
based on welding. Therefore, there is no risk of damag- 
20 ing the other members due to penetration of the electron 
beam 6, and the stability of the joint can be improved. 
[0020] The low-melting-point material constituting the 
solder material 5 in the present embodiment is required 
to be durable with respect to the alkaline aqueous solu- 
25 tion used as the battery electrolyte, in particular. In the 
case of a nickel-cadmium rechargeable battery or nickel 
metal hydride battery which uses KOH as an electrolyte, 
and wherein nickel is used for the collector plates, a 
nickel alloy is suitable. In particular, a binary alloy of 
30 nickel principally containing several % to several 1 0% 
of phosphorous has a melting point of 900°C, and can 
be used as a low-melting-point material without reacting 
with the electrolyte. Furthermore, an alloy made from 4 
elements, for example, Ni-Cr-B-Si, has a melting point 
35 of 950°C. Since this is lower than the melting point of 
nickel used in the surfaces of the collector 4 and elec- 
trodes la, 2a, and since only a small input heat is re- 
quired from the electron beam 6, such quaternary alloys 
can also suitably be used for the low-melting-point ma- 
40 terial. 

[0021] Next, steps for manufacturing a battery are de- 
scribed with reference to Fig. 3A to Fig. 3C. Firstly, as 
shown in Fig. 3A, positive and negative electrode plate 
groups 1 ( 2 are formed by layering positive electrode 

45 plates la and negative electrode plates 2a alternately 
whilst interposing separators 3 therebetween. Here, the 
electrode plates are disposed in such a fashion that the 
electrode plates of one polarity protrude on one side and 
the electrode plates of the other polarity protrude on the 

so other side. Thereupon, as shown in Fig. 3B, a collector 
4 having a low-melting-point solder material 5 disposed 
on one side thereof is butted against either one of the 
groups of electrode plates in such a manner that the face 
bearing the solder material 5 tightly contacts the end fac- 

55 es of said electrode plates. Pressure is then applied on 
the collector plate 4 from above in order to ensure tight 
contact between the end faces of the electrode plate 
group 1 or 2 and the solder material 5 on the collector 
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plate 4, whereupon an electron beam 6 is irradiated onto 
the collector plate 4 from above. 
[0022] In the present embodiment the electron beam 
6 is irradiated from a perpendicular direction to the end 
faces of the electrode plates, in such a fashion that a 5 
plurality of lines of molten beads 7 are formed in the di- 
rection in which the electrode plates are aligned. There- 
by, a plurality of joint points are formed between the re- 
spective electrode plates la or 2a and the collector plate 
4. Thereupon, as shown in Fig. 3C, the vertical orienta- 10 
tion of the electrode groups is inverted, and the elec- 
trode plates 2a or la of the other polarity are bonded to 
a collector plate 4 in a similar manner to the foregoing. 
By means of the aforementioned processes, the bond- 
ing of the electrode groups 1 , 2 and the collector plate is 

4 is completed. 

[0023] As illustrated in Fig. 4, when bonding a collec- 
tor plate 4 and an electrode plate group 1 or 2 by irradi- 
ation of an electron beam 6 as described above, firstly, 
the electron beam 6 is irradiated onto a beam collector 20 
8 in order to stabilize the electron beam 6, whereupon 
the electron beam 6 proceeds to the collector plate 4, 
which is the work to be welded, causing same to melt. 
The movement of the electron beam 6 from the beam 
collector 8 to the electron beam 4 takes place in approx- 25 
imately 0.1 msec. By first stabilizing the electron beam 
before irradiating it onto the collector plate 4 in this way, 
it is possible to join a collector plate 4 and an electrode 
group 1 or 2 by means of an electron beam 6 which is 
always stable. 30 
[0024] The electron beam 6 is irradiated onto the col- 
lector plate 4 for approximately 100 msec at each row 
position. In this operation, since the electron beam 6 
functions at a frequency of 5 kHz, each row is irradiated 
500 times consecutively. Thereby, as well as being able 35 
to perform bonding by means of an electron beam 6 from 
a compact and inexpensive electron beam irradiation 
device of relatively low output, by performing irradiation 
a plurality of times, it is also possible to irradiate the elec- 
tron beam 6 in an even manner, thereby imparting uni- 40 
form heat energy, and consequently, the solder material 

5 melts in a uniform manner. 

[0025] When forming molten beads 7 on the collector 
plate 4 in a plurality of parallel rows spaced at intervals, 
after irradiating the electron beam for approximately 1 00 ^ 
msec in the first row, the second row is determined by 
moving the electron beam for 0.1 msec, and this second 
row is irradiated. The next row is set similarly at the lo- 
cation reached by moving the electron beam for 0.1 
msec, this operation being repeated thereafter to form so 
a plurality of rows of molten beads 7. 
[0026] In the case where the interval between adja- 
cent irradiation rows is extremely narrow, the electron 
beam 6 may be irradiated in an irregular sequence at 
separated nonconsecutive locations, so as to prevent 55 
the heat generated from affecting other constituent com- 
ponents due to the electron beam 6 being irradiated for 
a long period of time within a small area of the collector 
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plate 4. For example, in the example shown in Fig. 5, 
after irradiating the first row, the second row, which is 
separated by a small interval, is skipped, and the third 
row is irradiated in the second operation, whereupon the 
fourth to sixth rows, which have sufficient intervals ther- 
ebetween, are irradiated consecutively in the third to fifth 
operations, and then the sixth irradiation operation re- 
turns to the second row, whilst in the last and seventh 
operation, the seventh row, which is separated from the 
sixth row by a narrow interval, is irradiated. 
[0027] Furthermore, when the electron beam 6 is ir- 
radiated, the output thereof is changed with respect to 
the lateral direction of irradiation, as illustrated in Fig. 6 
and Fig. 7. This is because, heat radiation properties 
are higher at the end portions of the bonded joint than 
in the central portion thereof, and the solder material 5 
may become concentrated, and hence there is a risk 
that reliable bonding will not be achieved unless the 
amount of input heat is increased. Therefore, as shown 
in Fig. 7, the amount of input heat from irradiation is set 
higher at either end portion compared to the central por- 
tion. More specifically, as shown in Fig. 6, after forming 
molten beads 7 between the two end portions by irradi- 
ating the electron beam 6 consecutively for a plurality of 
times from one end, via the central portion, to the other 
end, spot beam marks 9 having a high irradiation heat 
input are formed at the respective end portions only, by 
further irradiation for a plurality of times. 
[0028] According to the present embodiment, as de- 
scribed above, since a solder material 5 having a lower 
melting point than the materials constituting the elec- 
trode groups 1 . 2 and the collector plates 4 is interposed 
at the joint between the electrode groups 1 , 2 and col- 
lector plates 4, this solder material 5 being caused to 
melt by irradiating an electron beam 6 onto same, there- 
by bonding the electrode plates la, 2a with the collector 
plate 4, it is possible to perform reliable bonding whilst 
restricting the amount of heat supplied to the joints, and 
hence the electrode plates la, 2a and collectors 4 can 
be bonded in a reliable fashion, without thermal effects 
extending to regions other than the joints, such as the 
separators 3, and others. 



Claims 

1. A method for manufacturing a battery comprising 
the steps of: 

providing a solder material (5) made from nickel 
alloy on a surface of a collector plate (4); 
arranging a plurality of electrode plates (1 a, 2a) 
perpendicular to the collector plate so that end 
faces of the electrode plates abut with the sol- 
der material on the collector plate; and 
irradiating an electron beam (6) onto the collec- 
tor plate from a direction opposite from the elec- 
trode plates for causing the solder material to 
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melt, thereby bonding the end faces of the elec- 
trode plates with the collector plate. 

2. The method of manufacturing a battery according 

to claim 1 , wherein the nickel alloy is a binary alloy 5 
of nickel and phosphorous. 

3. The method of manufacturing a battery according 
to claim 1, wherein the nickel alloy is a quaternary 
alloy of nickel, chromium, boron, and silicon. w 

4. The method of manufacturing a battery according 
to claim 1 , 2 or 3 wherein the electron beam is irra- 
diated onto a plurality of positions on the collector 
plate, and a plurality of positions on the collector is 
plate that are not adjacent each other are irradiated 
consecutively. 

5. The method of manufacturing a battery according 

to any preceding claim, wherein the amount of irra- 20 
diation of the electron beam is changed with respect 
to the lateral direction of the collector plate. 

6. The method of manufacturing a battery according 

to claim 5, wherein the electron beam is irradiated 25 
in a consecutive fashion in the lateral direction of 
the collector plate, whereupon the electron beam is 
irradiated further onto either end portion thereof. 

7. The method of manufacturing a battery according 30 
to any preceding claim, further comprising the step 

of irradiating the electron beam onto a beam collec- 
tor (8) until the electron beam is stabilized, prior to 
the step of irradiating the electron beam onto the 
collector plate. 35 

8. The method of manufacturing a battery according 
to claim 7. wherein the electron beam is irradiated 
onto a plurality of positions on the collector plate, 
and each time the electron beam is irradiated on the *o 
collector plate, the electron beam is first irradiated 
onto the beam collector before it is irradiated onto 

the collector plate. 

9. The method of manufacturing a battery according <*5 
to claim 1 , 2 or 3 wherein the electron beam is irra- 
diated onto an identical position a plurality of times. 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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